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(54) Elevator position determination 

(57) An elevator position determination system for 
determining the position of an elevator car (1 6) disposed 
in the elevator hoistway (12) includes a transceiver (36) 
disposed on the elevator car for generating a query sig- 
nal and a transponder (38) disposed in the elevator 
hoistway for providing an identification signal in re- 
sponse to the query signal, wherein, the elevator posi- 
tion determination system determines the elevator car 
position in response to the identification signal 
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Description 



The present invention relates generally to elevator 
systems and, in particular, relates to elevator car posi- 
tion determination. 5 

An elevator system, to operate properly must know 
the current elevator car position at all times. Accordingly, 
elevator position devices are commonly used to monitor 
car position. However, after a power loss or hard system 
reset, an elevator control system may not retain the cur- 10 
rent car position. For example, if a shaft-encoder is used 
for position information, the shaft encoder may provide 
relative position movement after a power loss but abso- 
lute position information is not provided if the running 
total of shaft revolutions has been lost. If a floor leveling is 
sensor is installed, the leveling sensor can determine 
whether the car is level with a floor; but the floor leveling 
sensor may not be able to determine which floor the car 
is level with in the hoistway 

One method of determining car position after a pow- 20 
er loss is known as a terminal position recovery run. In 
a terminal position run, the elevator is moved to one end 
of the hoistway where an initialization switch is actuated 
and the position of the elevator car is thereafter known. 
This method, however, presents a problem when power 25 
is lost during operation and an elevator car is required 
to recover its position only to the nearest floor, such as 
in Fireman's Service Operation, before resuming normal 
operation. Additionally, this method may not be favora- 
ble in tall buildings because relatively low travel speeds so 
are desirable during the terminal position recovery run 
to avoid over-running a limit switch and hitting a buffer. 

Another known approach is to maintain power to the 
necessary circuits and position devices during a power 
down condition. Typically, this approach requires that 35 
loss of power be detected and the instantaneous posi- 
tion of the elevator car be identified and stored in non- 
volatile memory. Hence, when power is restored, an el- 
evator system controller can access the non-volatile 
memory to precisely ascertain the current location ofthe 40 
elevator car. This approach requires the-provision of a 
secondary power supply, for example, in the form of a 
battery or by stored capacitive energy. These compo- 
nents are not onfy expensive and bulky but, in the case 
of batteries, require maintenance and routine replace- 45 
ment. 

Another method includes the use of a plurality of 
magnets with encoded floor numbers placed at each 
landing sill to mark the floor number. The magnets may 
be encoded by utilizing precise placement of the mag- so 
nets such that the presence or absence of a magnet in 
a particular area in the hoistway is indicative of a partic- 
ular floor number. Alternatively, the physical character- 
istics of the magnets, such as length, may be utilized to 
Indicate the floor number. A sensor responsive to the 55 
magnets is attached to the elevator car. However, this 
method requires a large number of magnets that must 
be precisely sized and/or precisely placed at each land- 



ing sill in the hoistway. 

Consequently, a system and a method for elevator 
position determination that avoids the abovementioned 
drawbacks is clearly desirable. 

It is an object of the present invention to provide an 
improved elevator position determination system and 
method that provides improved detection of a position 
of an elevator car disposed in a hoistway. 

It is another object of the present invention to pro- 
vide an elevator position determination system and 
method which is not subject to power loss or hard sys- 
tem reset errors. 

It is a further object of the present invention to pro- 
vide an elevator position determination system and 
method which does not require contact with the elevator. 

It is a yet another object of the present invention to 
provide an improved elevator position determination 
system and method which is inexpensive to install and 
maintain. 

According to the present invention, an elevator po- 
sition determination system for determining the position 
of an elevator car disposed in an elevator hoistway that 
embodies the principles of the present invention in- 
cludes a transceiver disposed on the elevator car for 
generating a query signal and a transponder disposed 
in the elevator hoistway for providing an identification 
signal in response to the query signal, wherein, the el- 
evator position determination system determines the el- 
evator car position in response to the identification sig- 
nal. 

The present invention provides the advantage of 
improved detection of a position of an elevator car dis- 
posed in a hoistway by providing an elevator position 
determination system and method which allows the 
transceiver to query the transponders after a power loss 
and determine the elevator position without a loss in po- 
sition information. The present invention also provides 
an elevator position determination system and method 
which is inexpensive to install and maintain as a result 
of the utilization of low-cost transponders that do not re- 
quire a power source other than power provided by the 
query signal generated by the transceiver. 

These and other features, aspects and advantages 
of the present invention will become better understood 
with regard to the following description, appended 
claims and accompanying drawings. 

A number of preferred embodiments of the present 
invention will now be described by way of example only 
and with reference to the accompanying drawings, in 
which: 



Fig. 1 is a diagram of an elevator system employing 
a preferred embodiment of the present invention; 
Fig. 2 is a functional block diagram of a system for 
elevator position determination embodying the prin- 
ciples of the present invention; 
Fig. 3 is schematic block diagram of a system for 
elevator position determination embodying the prin- 
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ciples of the present invention; 
Fig. 4 is a functional block diagram of a system for 
elevator position determination embodying the prin- 
ciples of the present invention; 

Fig. 5 is a functional block diagram of a system for s 
efevator position determination embodying the prin- 
ciples of the present invention. 

Referring to Fig. 1, an elevator system 10 employ- 
ing a preferred embodiment of an elevator position ap- 10 
paratus is shown. The elevator system 10 is disposed 
in a building having a plurality of floors. The building in- 
cludes a hoistway 12 with a plurality of landings 14 that 
correspond to the plurality of floors. An elevator car 16 
is disposed in the hoistway 1 2 such that the elevator car 15 
1 6 may travel along elevator guide rails 1 8 disposed ver- 
tically in the hoistway 12. An elevator controller 20 is 
disposed in a machine room 22 which monitors and pro- 
vides system control of the elevator system 10. The el- 
evator controller 20 provides a control signal to a motive 20 
apparatus 24. The motive apparatus 24 provides a 
means to move the elevator car 16 in the hoistway 12 
and is responsive to the control signal. In one embodi- 
ment, the motive apparatus -24 includes a drive motor 
26, a drive sheave 28, a counterweight 30 and hoist 25 
ropes 32. The drive motor 26 is drivenly associated with 
the drive sheave 28 such that a rotational output of the 
drive motor 26 is transferred to the drive sheave 28. The 
rotational output of the drive motor 26 is transmitted to 
the elevator car 1 6 by the hoist ropes 32 guided around 30 
the drive sheaves 28; the elevator car 1 6 being at one 
end of the hoist ropes 32 and the counterweight 30 at 
the other. A traveling cable 34 is used to provide an elec- 
trical connection between the elevator controller 20 and 
electrical equipment in the elevator car 16. Of course, it 35 
should be realized that the present invention can be 
used in conjunction with other elevator systems includ- 
ing hydraulic and linear motor systems, among others. 

Referring to Figs. 1, 2, an elevator position deter- 
mination system for determining the position of an ele- 40 
vator car 16 disposed in the elevator hoistway 12 that 
embodies the principles of the present invention, in- 
cludes a transceiver 36 and a transponder 38. 

The transponder 38 provides an identification signal 
40 in response to a query signal 42 (shown in Fig. 3). 45 
The transponder 38 is a passive device in that it has no 
internal energy source. Instead, the transponder 38 re- 
lies on the radio frequency query signal 42 transmitted 
by the transceiver 36 as an energy source. More spe- 
cifically, the query signal 42 is received by circuitry in so 
the transponder 38 such that the transponder 38 uses 
the query signal 42 as an energy source for use in its 
transmission of an identification signal 40 that is digitally 
encoded to identify the transponder 38. In a preferred 
embodiment, each transponder 38 has a unique identi- 55 
fication signal 40 that has an approximate range of 1 
meter. 

As a result of integrated technology, it is possible to 



make a small transponder 38 on the order of 31 mm long 
and 3.6 mm in diameter including a transponder anten- 
na. However, transponders can be produced having var- 
ious sizes and shapes. The transponder 38, in a pre- 
ferred embodiment, is disposed in the elevator hoistway 
1 2 adjacent to landings 1 4 as is described in detail here- 
in be low. 

The transceiver 36 provides the query signal 42 for 
energizing the transponder 38 as described above. Ad- 
ditionally, the transceiver 36 is responsive to the identi- 
fication signal 40 transmitted by the transponder 38 
such that the transceiver 36 transmits the identification 
signal 40 either directly to the elevator controller 20 or 
to a decoder module 44 as is explained below, in a pre- 
ferred embodiment, the transceiver 36 is disposed on 
the elevator car 16 such that the transceiver 36 travels 
with the elevator car 16 in the hoistway 12. 

A preferred example of the transponder and the 
transceiver is commercially available through Texas In- 
struments, and is sold under the trademark TIRIS. Thus, 
radio frequency transponders and transceivers are per 
se known. The present inventors, however, believe that 
adapting this technology to the elevator art will substan- 
tially improve car position measurement arrangements. 

The identification signal 40, in a preferred embodi- 
ment, directly corresponds to a floor number. The iden- 
tification signal 40 includes a floor indication value which 
is indicative of the floor or landing 14 nearest to the 
transponder 38. This allows the transceiver 36 to directly 
transmit the identification signal 40 to the controller 20 
so that the elevator system 10 is provided with elevator 
position information. For example, the identification sig- 
nal 40 of a transponder 38 disposed in the hoistway 1 2 
adjacent to floor one includes a floor indication value 
equal to one. Consequently, the elevator position deter- 
mination system can determine the elevator car position 
in response to the identification signal 40. Preferably, 
the transponder 38 is programmable such that the floor 
indication value is adjustable at installation. 

Alternatively, referring to Fig 3, the elevator position 
determination system includes a decoder module 44 
that comprises a microprocessor 46, a memory 48 and 
programming embedded in the memory 48. The trans- 
ceiver 36 transmits the identification signal 40 to the de- 
coder module 44 which decodes the identification signal 
40 by comparing the value of the identification signal 40 
to values stored in a look-up table in the memory 48 that 
correspond to specific floors in the building. When a 
match is found the microprocessor 46 is able to deter- 
mine a proximal floor or landing 14. Thus, the decoder 
module 44 maps values stored in memory 48 that rep- 
resent specific floors in the building and compares the 
identification signal 40 to the values such that the ele- 
vator car position can be determined in response to the 
identification signal 40. In one embodiment, the trans- 
ponder 38 transmits an identification signal 40 that com- 
prises a 64 bit code such that a unique code for each 
floor in the building is provided. For example, the iden- 
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titration signal 40 of a transponder 38 disposed in the 
hoistway 12 adjacent to floor one includes the identifi- 
cation signal 40 with a value equal to a value stored in 
the memory 48 that corresponds in the fook-up table to 
floor one. In other words, the decoder module 44 cross- 
references the identification signal 40 to a correspond- 
ing floor number in its memory 48 such that the elevator 
position determination system can determine the eleva- 
tor car position in response to the identification signal 
40. 

The decoder module 44 may reside in software in 
the elevator controller 20 or may be implemented as a 
separate component. If the decoder module 44 resides 
in the controller 20, the transceiver 36 directly transmits 
the identification signal 40 to the controller 20. If the de- 
coder module 44 is a separate component, the trans- 
ceiver 36 transmits the identification signal 40 to the de- 
coder module 44; wherein, the decoder module 44 
cross-references the identification signal 40 with the val- 
ues stored in the memory 48 and transmits a decoded 
signal 50 to the controller 20. In one embodiment, the 
decoded signal 50 directly corresponds to the floor 
number associated with the identification signal 40. For 
example, a decoded signal 50 having a value of one rep- 
resents the first floor in the building. 

An alternative approach to placing the transponders 
38 at each floor includes multiple transponders 38 per 
elevator car 16 to provide multiple position reference 
points with a resolution dependent on the signal strength 
of the transponder 38. For example, one transponder 
38 may be disposed every two meters for transponders 
38 with a one meter identification signal range. Thus, as 
the elevator car 16 travels through the hoistway 12 its 
position may be determined within a two meter resolu- 
tion. In this embodiment, the transponders 38 provide 
an identification signal 40 that directly corresponds to 
the transponder's absolute position in the hoistway 12; 
as opposed to the proximate floor as described above. 

The identificai signal 40 may include a position in- 
dication value which is indicative of the absolute position 
of the transponder 38 in the hoistway. This allows the 
transceiver 36 to directly transmit the identification -sig- 
nal 40 to the controller 20 so that the elevator system 
10 is provided with elevator position information. For ex- 
ample, the identification signal 40 of the transponder 38 
disposed at a height of 10 meters in the hoistway 12 
includes a position indication value equal to 10.0. Con- 
sequently, the elevator position determination system 
can determine the elevator car position in response to 
the identification signal 40. Preferably, the transponder 
38 is programmable such that the position indication val- 
ue is adjustable at installation. 

Alternatively, the elevator position determination 
system includes the decoder module 44 as described 
above and shown in Fig. 3. In this embodiment, the 
transceiver 36 transmits the identification signal 40 to 
the decoder module 44 which compares the value of the 
identification signal 40 to values stored in a look-up table 



in the memory 48 that correspond to specific location in 
the hoistway 1 2. When a match is found the microproc- 
essor 46 is able to determine the location of transponder 
38 in the hoistway 12. Thus, the decoder module 44 
s maps values stored in memory 48 that represent loca- 
tions in the hoistway and compares the identification sig- 
nal 40 to the values such that the elevator position de- 
termination system can determine the elevator car po- 
sition in response to the identification signal 40. 
to Referring to Fig. 4, another alternative approach in- 
cludes multiple transponders that provide multiple fre- 
quency identification signals. For example, two trans- 
ceivers 52, 54 are adjacently disposed on the elevator 
car 16 such that each transceiver 52, 54 is responsive 
15 to an identification signal with a different frequency. A 
first transceiver 52 is responsive to a first identification 
signal 56 transmitted on a first frequency and a second 
transceiver .54 is responsive to a second identification 
signal 58 transmitted on a second frequency. First trans- 
20 ponders 60 that transmit the first identification signal 56 
are disposed* in the hoistway 12 adjacent to second 
transponders 62, 63 that transmit the second identifica- 
tion signal 58. In this arrangement the position resolu- 
tion is dependent on the identification signal strength of 
25 the transponders 60, 62, 63. For example, the trans- 
ponders 60, 62 may be separated by one meter for 
transponders 60, 62 with a one meter identification sig- 
nal range. This arrangement provides that a maximum 
of one transponder 60 transmitting the first identification 
30 signal 56 and one transponder 62 transmitting the sec- 
ond identification signal 58 can be detected by the trans- 
ceivers 52, 54 at any instant of time. For example, as 
shown in Fig 4, transceiver 52 is responsive to one 
transponder 60 transmitting the first identification signal 
55 56 and transceiver 54 is responsive to one transponder 
62 transmitting the second identification signal 58. Each 
identification signal 56, 58 has a position indication val- 
ue corresponding to the position ofits associated trans- 
ponder 60, 62. The first transceiver 52 is not responsive 
40 to transponder 63 because the identification signal of 
transponder 63 is transmitted on the second frequency. 
The second transceiver 54 is not responsive to trans- 
ponder 63 because the distance between the second 
transceiver 54 and transponder 63 is greater than the 
4S identification signal range. Thus, this embodiment pro- 
vides increased position resolution by allowing trans- 
ponders that provided identification signals with differ- 
ent frequencies to be disposed in a staggered manner 
in the hoistway. For a additional increase in resolution 
so additional identification signals with different frequen- 
cies may be used. The query signal, in this arrangement, 
may be provided by one or ail of the transceivers. For 
example, in one embodiment only the first transceiver 
52 transmits the query signal and the second transceiv- 
55 er 54 is replaced by a receiver responsive to the second 
identification signal 58. The receiver is equivalent to the 
second transceiver 54 except the receiver does not 
transmit the query signal. Thus, the rece'Ner does not 
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include circuitry associated with transmitting the query 
signal. 

Referring to Fig. 5, another alternative approach in- 
cludes a directional antenna 64 disposed on the trans- 
ceiver 36. The directional antenna 64 may alternatively s 
be disposed on the transponders. In a preferred embod- 
iment, the directional antenna 64 is an elliptical antenna; 
alternatively, a parabolic antenna may be used as the 
directional antenna 64. The directional antenna 64 is ar- 
ranged and dimensioned such that a directivity of the 10 
antenna 64 permits transmission of the query signal 42 
only to the nearest transponder 66. Such arrangements 
and dimensions would be apparent to those skilled in 
the art when taken in combination with the instant spec- 
ification and need not be further discussed. Thus, given 
the elevator car's position in the hoistway 12 as shown 
in Fig. 5, only one transponder 66 transmits its identifi- 
cation signal 40 in response to the transceiver's query 
signal 42. The remaining transponders 38 are not within 
a range of the query signal 42 and thus do not transmit 20 
identification signals 40 to the transceiver 36. This ap- 
proach allows the transponders to be placed proximal 
with respect to each other in the hoistway 12; which in 
turn provides an increased position resolution. The 
transponder separation is determined by the directivity 25 
of the directional antenna at a given power. 

Use of the directional antenna 64 also provides in- 
creased posrtion accuracy because the detection range 
ofthe transponders 38 by the transceiver 36 is reduced 
as a result of the directional antenna's directivity. Con- 30 
sequently, one transponder 38 may be placed at each 
floor, as described above, and used as an indication of 
whether the elevator car 1 6 is level with a particular land- 
ing. 

Various changes to the above description may be 35 
made without departing from the scope of the present 
invention as claimed as would be obvious to one of or- 
dinary skill in the art of the present invention. 



2. An elevator position determination system for de- 
termining the position of an elevator car disposed 
in an elevator hoistway as recited in claim 1 wherein 
said identification signal comprises a position indi- 
cation value that is Indicative of a position of said 
transponder in the elevator hoistway. 

3. An elevator position determination system for de- 
termining the position of an elevator car disposed 
in an elevator hoistway as recited in claim 1 or 2 
wherein said transponder is disposed in the eleva- 
tor hoistway adjacent to a landing (14). 

4. An elevator position determination system for de- 
termining the position of an elevator car disposed 
in an elevator hoistway as recited in any one of the 
preceding claims wherein said identification signal 
comprises a floor indication value that is indicative 
of a floor in the elevator hoistway. 

5. An elevator position determination system for de- 
termining the position of an elevator car disposed 
in an elevator hoistway as recited in any one of the 
preceding claims, further comprising a directional 
antenna (64) disposed on said transceiver (36). 

6. An elevator position determination system for de- 
termining the position of an elevator car disposed 
in an elevator hoistway as recited in any one of 
claims 1 to 4, further comprising a directional an- 
tenna (64) disposed on said transponder. 

7. An elevator position determination system for de- 
termining the position of an elevator car (16) dis- 
posed in an elevator hoistway (1 2) as recited in any 
of one of the preceding claims, further comprising 
a decoder module (44) for receiving and decoding 
the identification signal. 



40 

Claims 



1. An elevator position determination system for de- 
termining the position of an elevator car (16) dis- 
posed in an elevator hoistway (12), said elevator 45 
position determination system comprising: 

a transceiver (36) disposed on the elevator car, 
said transceiver generating a query signal (42); 
and so 
a transponder (38) disposed in the elevator 
hoistway, said transponder providing an identi- 
fication signal (40) in response to the query sig- 
nal; 

wherein, said elevator position determination ss 
system determines an elevator car position in 
response to the identification signal. 



8. An elevator position determination system for de- 
termining the position of an elevator car disposed 
in an elevator hoistway as recited in claim 7 wherein 
said decoder module (44) decodes the identification 
signal by comparing a value of the identification sig- 
nal to values stored in a look-up table in a memory 
(48) that correspond to specific floors in a building. 

9. An elevator position determination system for de- 
termining the position of an elevator car (16) dis- 
posed in an elevator hoistway (12), said elevator 
position determination system comprising: 

a first transceiver (52) disposed on the elevator 
car, said first transceiver being responsive to a 
first identification signal (56); 
a second transceiver (54) disposed on the ele- 
vator car, said second transceiver being re- 
sponsive to a second identification signal (58) ; 
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a first transponder (60) disposed in the elevator 
hoistway, said first transponder providing the 
first identification signal in response to a query 
signal provided by at least one of said trans- 
ceivers; and 5 
a second transponder (62) disposed in the ele- 
vator hoistway, said second transponder pro- 
viding the second identification signal in re- 
sponse to the query signal provided by at least 
one of said transceivers; 10 
wherein, the first and second identification sig- 
nals are transmitted on a first and second fre- 
quency respectively and said elevator position 
determination system determines the elevator 
car position in response to the first and second is 
identification signals. 

10. An elevator position determination system for de- 
termining the position of an elevator car (16) dis- 
posed in an elevator hoistway (12), said elevator 20 
position determination system comprising: 

a transceiver (52) disposed on the elevator car, 
said transceiver being responsive to a first 
identification signal (56); 25 
a receiver (54) disposed on the elevator car, 
said receiver being responsive to a second 
identification signal (58); 
a first transponder (60) disposed in the elevator 
hoistway, said first transponder providing the so 
first identification signal in response to a query 
signal provided by said transceiver; and 
a second transponder (62) disposed in the ele- 
vator hoistway, said second transponder pro- 
viding the second identification signal in re- ss 
sponse to the query signal provided by said 
transceiver; 

wherein, the first and second identification sig- 
nals are transmitted on a first and second fre- 
quency respectively and said elevator position 40 
determination system determines the elevator 
car position in response to the first and second 
identification signals. 



an elevator car (16) disposed in the hoistway 
for movement therein; 

an elevator controller (20) for providing system 
control of said elevator system and for provid- 
ing a control signal; 

a motive apparatus (24) for providing move- 
ment of said elevator car within the hoistway, 
said motive apparatus being responsive to the 
control signal; 

a transceiver (36) disposed on said elevator 
car, said transceiver generating a query signal 
(42); and 

a transponder (38) disposed in the elevator 
hoistway, said transponder providing an identi- 
fication signal (40) in response to the query sig- 
nal; 

wherein, said elevator controller determines 
the elevator car position in response to the 
identification signal. 

1 3. A method of determining the position of an elevator 
car (16) disposed in a hoistway (12), comprising the 
steps of: 

transmitting a query signal (42) by a transceiver 
(36) disposed on the elevator car; 
receiving the query signal by a transponder (38) 
disposed in the hoistway; 
transmitting an identification signal (40) in re- 
sponse to the query signal by the transponder; 
receiving the identification signal by the trans- 
ceiver; and 

determining the elevator car position in re- 
sponse to the identification signal. 

1 4. A method of determining the position of an elevator 
car disposed in a hoistway as recited in claim 13, 
further comprising the step of decoding the identifi- 
cation signal prior to said determining step. 



11. An elevator position determination system for de- 4S 
termining the position of an elevator car disposed 
in an elevator hoistway as recited in claim 9 or 10 
wherein said first and second identification signals 
(56,58) comprise a position indication value that is 
indicative of a position of said transponder in the so 
elevator hoistway. 



12. An elevator system disposed in a building having a 
plurality of floors, the building having a hoistway 
(12) with a plurality of landings (14) that correspond ss 
to the plurality of floors, said elevator system com- 
prising: 
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